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BASE STATION APPARATUS, MOBILE
TERMINAL APPARATUS, AND
INFORMATION TRANSMISSION METHOD

TECHNICAL FIELD

The present invention relates to a base station apparatus,
mobile terminal apparatus, and information transmission
method, and more particularly, to a base station apparatus,
mobile terminal apparatus, and information transmission
method using next-generation mobile communication tech-
niques.

BACKGROUND ART

In UMTS (Universal Mobile Telecommunications Sys-
tem) networks, for the purpose of improving spectral effi-
ciency and further improving data rates, by adopting
HSDPA (High Speed Downlink Packet Access) and HSUPA
(High Speed Uplink Packet Access), it is performed exploit-
ing maximum features of the system based on W-CDMA
(Wideband Code Division Multiple Access). For the UMTS
network, for the purpose of further increasing high-speed
data rates, providing low delay and the like, Long Term
Evolution (LTE) has been studied.

In the 3G system, a fixed band of 5 MHz is substantially
used, and it is possible to achieve transmission rates of
approximately maximum 2 Mbps in downlink. Meanwhile,
in the LTE scheme system, using variable bands ranging
from 1.4 MHz to 20 MHz, it is possible to achieve trans-
mission rates of maximum 300 Mbps in downlink and about
75 Mbps in uplink. Further, in the UMTS network, for the
purpose of further increasing the wide-band and high speed,
successor systems to LTE have been studied (for example,
LTE Advanced (LTE-A)). For example, in LTE-A, the
widest system band of 20 MHz in the LTE specification is
scheduled to be extended to about 100 MHz.

Further, the LTE scheme system adopts multi-antenna
radio transmission techniques such as the MIMO (Multiple
Input Multiple Output) multiplexing method, and actualizes
fast signal transmission by transmitting different transmis-
sion signals parallel from a plurality of transmitters using the
same radio resources (frequency band, time slot) to spatially
multiplex. In the LTE scheme system, it is possible to
transmit different transmission signals parallel from four
transmission antennas at the maximum to spatially multi-
plex. In LTE-A, the maximum number (four) of transmission
antennas in the LTE specification is scheduled to be
increased to eight.

In addition, in the LTE scheme system, when a transmis-
sion error occurs in an information bit, the receiver side
makes a retransmission request, and in response to the
retransmission request, the transmitter performs retransmis-
sion control. In this case, the number of blocks (hereinafter,
referred to as “transport blocks™) each of which is a retrans-
mission unit in performing retransmission control is deter-
mined corresponding to the number of transmission anten-
nas irrespective of the system bandwidth (for example,
Non-patent Literatures 1 to 3). Described herein is the
relationship in the LTE scheme between the system band-
width and the number of transmission antennas, and the
number of transport blocks (the number of TBs) and the
transport block size (BS). FIG. 14 is a table showing the
relationship in the LTE scheme system between the system
bandwidth and the number of transmission antennas, and the
number of transport blocks and the transport block size. In
addition, FIG. 14 shows 1.4 MHz, 5 MHz, 10 MHz and 20
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MHz as the system bandwidth. Further, the “layer” as shown
in FIG. 14 corresponds to the number of transmission
antennas.

As shown in FIG. 14, in the LTE scheme system, irre-
spective of the system bandwidth, a single transport block is
set in the case of a single transmission antenna. Similarly,
the number of transport blocks is set at two in the case that
the number of transmission antennas is two, and also the
number of transport blocks is set at two in the case that the
number of transmission antennas is four. In other words,
when the number of transmission antennas is two or more,
the number of transport blocks is equally set at two.

CITATION LIST
Non-Patent Literature

[Non-patent Literature 1]

3GPP, TS 36.211 (V. 8.4.0), “Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modu-
lation (Release 8)”, September 2008

[Non-patent Literature 2]

3GPP, TS 36.212 (V. 8.4.0), “Evolved Universal Terrestrial
Radio Access (E-UTRA); Multiplexing and channel cod-
ing (Release 8)”, September 2008

[Non-patent Literature 3]

3GPP, TS 36.213 (V. 8.4.0), “Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical layer procedures (Re-
lease 8)”, September 2008

SUMMARY OF INVENTION
Technical Problem

As described above, in LTE-A, it is scheduled that the
maximum system bandwidth is extended to about 100 MHz,
and that the maximum number of transmission antennas is
increased to eight. However, any determinations are not
made on the transmission method (including the retransmis-
sion method) of transmission data under circumstances
where the system bandwidth is thus extended. For such a
transmission method of transmission data, it is conceivable
that the method is required to be determined in consideration
of reception quality characteristics in mobile terminal appa-
ratuses.

The invention was made in view of such circumstances,
and it is an object of the invention to provide a base station
apparatus, mobile terminal apparatus, and information trans-
mission method for improving the frequency diversity effect
and enabling reception quality characteristics in the mobile
terminal apparatus to be enhanced.

Solution to Problem

A base station apparatus of the invention is characterized
by having mapping section configured to map transmission
data to a user to a single or plurality of group bands among
group bands configured by dividing a system band into a
plurality of bands, and transmitting section configured to
transmit the transmission data mapped by the mapping
means to a mobile terminal apparatus on downlink.

According to this configuration, the transmission data to
a user is mapped to a single or plurality of group bands
obtained by dividing the system band, and therefore, even
when the system bandwidth is extended, it is possible to
improve the frequency diversity effect and to enhance recep-
tion quality characteristics in the mobile terminal apparatus.
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Further, when the transmission data is retransmitted, it is
possible to suppress deterioration in retransmission effi-
ciency caused by increases in the transport block size, and
to retransmit the transmission data efficiently.

A mobile terminal apparatus of the invention is charac-
terized by having receiving section configured to receive
transmission data mapped to a single or plurality of group
bands among group bands configured by dividing a system
band into a plurality of bands, and demapping section
configured to demap the transmission data received in the
receiving means.

According to this configuration, the mobile terminal appa-
ratus receives transmission data mapped to a single or
plurality of group bands among group bands obtained by
dividing the system band, and demaps the transmission data,
and therefore, even when the system bandwidth is extended,
it is possible to improve the frequency diversity effect and to
enhance reception quality characteristics in the mobile ter-
minal apparatus. Further, when the transmission data is
retransmitted, it is possible to suppress deterioration in
retransmission efficiency caused by increases in the trans-
port block size, and to retransmit the transmission data
efficiently.

Technical Advantage of the Invention

According to the invention, the transmission data to a user
is mapped to a single or plurality of group bands obtained by
dividing the system band, and therefore, even when the
system bandwidth is extended, it is possible to improve the
frequency diversity effect and to enhance reception quality
characteristics in the mobile terminal apparatus. Further,
when the transmission data is retransmitted, it is possible to
suppress deterioration in retransmission efficiency caused by
increases in the transport block size, and to retransmit the
transmission data efficiently.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram to explain the frequency usage state
when mobile communication is performed in downlink;

FIG. 2 contains schematic diagrams to explain the state of
a system band in retransmission control in a base station
apparatus according to one Embodiment of the invention;

FIG. 3 contains schematic diagrams to explain the state of
the system band when transmission data is mapped by a
second mapping method in the base station apparatus
according to the above-mentioned Embodiment;

FIG. 4 contains schematic diagrams to explain the state of
the system band when a group band to which the transmis-
sion data is mapped by the second mapping method is
shifted to an adjacent group band at transmission time
intervals;

FIG. 5 contains diagrams to explain a search method with
number-of-group limitations in the base station apparatus
according to the above-mentioned Embodiment;

FIG. 6 is a diagram to explain an independent search
method in the base station apparatus according to the
above-mentioned Embodiment;

FIG. 7 contains diagrams to explain a first recursive type
search method in the base station apparatus according to the
above-mentioned Embodiment;

FIG. 8 contains diagrams to explain a second recursive
type search method in the base station apparatus according
to the above-mentioned Embodiment;
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FIG. 9 is a diagram to explain a configuration of a mobile
communication system having mobile terminal apparatuses
and the base station apparatus according to the above-
mentioned Embodiment;

FIG. 10 is a block diagram illustrating a configuration of
the base station apparatus according to the above-mentioned
Embodiment;

FIG. 11 is a functional block diagram of a baseband signal
processing section of the base station apparatus according to
the above-mentioned Embodiment;

FIG. 12 is a block diagram illustrating a configuration of
a mobile terminal apparatus according to the above-men-
tioned Embodiment;

FIG. 13 is a functional block diagram of a baseband signal
processing section of the mobile terminal apparatus accord-
ing to the above-mentioned Embodiment; and

FIG. 14 is a table showing the relationship between the
system bandwidth and the number of transmission antennas,
and the number of transport blocks and transport block size
in an LTE scheme system.

DESCRIPTION OF EMBODIMENTS

An Embodiment of the invention will specifically be
described below with reference to accompanying drawings.
In addition, the following description is given using an
LTE-A (LTE Advanced) scheme system as an example of a
wideband radio access scheme that is a successor to LTE, but
the invention is not limited thereto.

FIG. 1 is a diagram to explain the frequency usage state
when mobile communication is performed in downlink.
FIG. 1 shows the frequency usage state in the case of
coexistence of an LTE-A system that is a mobile commu-
nication system having a system band comprised of a
plurality of component carriers, and an LTE system that is a
mobile communication system having a system band com-
prised of a single component carrier. For example, in the
LTE-A system, radio communication is performed in a
variable system bandwidth of 100 MHz or less, and in the
LTE system, radio communication is performed in a variable
system bandwidth of 20 MHz or less. The system band of the
LTE-A system is at least one base frequency region (com-
ponent carrier: CC) with a system band of the LTE system
as a unit. Thus integrating a plurality of base frequency
regions into a wide band is called carrier aggregation.

For example, in FIG. 1, the system band of the LTE-A
system is a system band (20 MHzx5=100 MHz) containing
five component carrier bands in which a system band (base
band: 20 MHz) of the LTE system is a single component
carrier. In FIG. 1, a mobile terminal apparatus UE (User
Equipment) #1 is a mobile terminal apparatus supporting the
LTE-A system (also supporting the LTE system) and has a
system band of 100 MHz, UE #2 is a mobile terminal
apparatus supporting the LTE-A system (also supporting the
LTE system) and has a system band of 40 MHz (20 MHzx
2=40 MHz), and UE #3 is a mobile terminal apparatus
supporting the LTE system (not supporting the LTE-A
system) and has a system band of 20 MHz (base band).

In a mobile communication system according to this
Embodiment, in such an environment that mobile terminal
apparatuses UEs with different transmission/reception band-
widths coexist, it is intended to enhance reception quality
characteristics in mobile terminal apparatuses UEs by
improving the frequency diversity effect in retransmitting
transmission data to each mobile terminal apparatus UE.
More specifically, a base station apparatus Node B that the
mobile communication system has maps transmission data
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to each user to a single or plurality of group bands among
group bands configured by dividing the system band into a
plurality of bands in performing retransmission control, and
it is thereby intended to improve the frequency diversity
effect and to enhance reception quality characteristics in
mobile terminal apparatuses UEs. In addition, the group
band configured by dividing the system band into a plurality
of groups is determined corresponding to instructions from
an upper station apparatus of the base station apparatus
Node B, as described specifically later. Further, in the
following description, the description is given in the case of
applying the invention to retransmission control of trans-
mission data in the base station apparatus Node B, but the
invention is not limited thereto, and is applicable to trans-
mission control in initial transmission of transmission data.

Described below is a state of the system band in retrans-
mission control in the base station apparatus Node B accord-
ing to this Embodiment. FIG. 2 contains schematic diagrams
to explain the state of the system band in retransmission
control in the base station apparatus Node B according to
this Embodiment. In retransmission control in the base
station apparatus Node B, as shown in FIG. 2, the system
band is divided into a plurality of group bands, and trans-
mission data to each user is assigned to a single or plurality
of group bands. In addition, in the following description, it
is assumed that the case is shown where the system band-
width of the mobile communication system is 80 MHz, and
the band up to 20 MHz is assigned to each user in retrans-
mitting transmission data.

In FIG. 2(a), the case is shown where 20 MHz is desig-
nated as a bandwidth of a group band to which is mapped
transmission data to each user, and the system band is
divided into four group bands. Meanwhile, in FIG. 2(b), the
case is shown where 10 MHz is designated as a bandwidth
of a group band to which is mapped transmission data to
each user, and the system band is divided into eight group
bands. In FIG. 2, for convenience in description, the case is
shown where transmission data to different users are mapped
to respective group bands. In addition, the group band is
comprised of a plurality of resource blocks (RBs). In FIG. 2,
to simplify the description, the case is shown where a group
band with 20 MHz is comprised of ten resource blocks.

The base station apparatus Node B maps transmission
data to each user to a single or plurality of group bands
among group bands configured by thus dividing the system
band. For example, in the case of assigning the band of 20
MHz to transmission of transmission data of each user, each
user is assigned a single group band in FIG. 2(a), while each
user is assigned two group bands in FIG. 2(5). In each case,
it is possible to retransmit transmission data to four users
using the entire system band. By thus mapping the trans-
mission data to each user to a single or plurality of group
bands obtained by dividing the system band, it is possible to
improve the frequency diversity effect, and to enhance
reception quality characteristics in the mobile terminal appa-
ratus. Particularly, in the case of mapping transmission data
to each user to two group bands as shown in FIG. 2(b), since
it is possible to map the transmission data to different bands,
it is possible to obtain a higher frequency diversity effect,
and to further enhance reception quality characteristics in
the mobile terminal apparatus. Further, in the case of retrans-
mitting the transmission data, it is possible to suppress
deterioration in retransmission efficiency caused by
increases in the transport block size, and to retransmit
transmission signals efficiently.

In thus mapping the transmission data to each user to a
single or plurality of group bands, the base station apparatus
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Node B 1) maps the transmission data to an arbitrary group
band based on reception quality information from the mobile
terminal apparatus UE and/or throughput of the entire sys-
tem (first mapping method), or ii) maps the transmission
data based on a mapping pattern corresponding to a com-
bination of group bands that is beforehand determined based
on reception quality information from the mobile terminal
apparatus UE and/or throughput of the entire system (second
mapping method). These mapping methods are switched
selectively in the base station apparatus Node B correspond-
ing to instructions from the upper station apparatus.

In the first mapping method, since the transmission data
is mapped to group bands good in the reception quality
information in the mobile terminal apparatus UE and
throughput of the entire system, it is possible to improve
reception quality characteristics in the mobile terminal appa-
ratus UE, but since the transmission data is mapped to an
arbitrary group band, the information amount (signaling
amount) to notify the mobile terminal apparatus UE of the
group band of mapping increases corresponding to the
number of group bands.

For example, as shown in FIG. 2(a), in the case that the
system band is divided into four group bands and that the
band of 20 MHz is assigned to mapping of transmission data
to each user, four group bands exist to map the transmission
data, and an information amount of two bits is required to
identify the group bands. Meanwhile, as shown in FIG. 2(b),
in the case that the system band is divided into eight group
bands and that the band of 20 MHz is assigned to mapping
of transmission data to each user, eight group bands exist to
map the transmission data, and an information amount of
five bits is required to identify the group bands.

Meanwhile, in the second mapping method, since the
transmission data is mapped to a combination of group
bands good in the reception quality information in the
mobile terminal apparatus UE and throughput of the entire
system, the effect of improvement is small as compared with
the first mapping method, but it is possible to improve
reception quality characteristics in the mobile terminal appa-
ratus UE. Further, since the transmission data is mapped
based on a mapping pattern corresponding to a beforehand
determined combination of group bands, it is possible to
reduce the information amount to notify the mobile terminal
apparatus UE of the group band to map as compared with the
first mapping method. In other words, the second mapping
method differs from the first mapping method in the respect
that the information amount to notify of the group bands to
map is reduced while limiting flexibility in selection of
group bands to map. Referring to FIG. 3, described below is
the state of the system band when transmission data is
mapped by the second mapping method. FIG. 3 contains
schematic diagrams to explain the state of the system band
when transmission data is mapped by the second mapping
method.

In FIG. 3(a), the state is the same as the state of the system
band as shown in FIG. 2(b) in the respect that 10 MHz is
designated as a bandwidth of a group band to which is
mapped transmission data to each user, and that the system
band is divided into eight group bands. However, in FIG.
3(a), the state is different from the state of the system band
as shown in FIG. 2(b) in the respect that from the first
frequency of the system band, as a combination, beforehand
determined are group bands (Group pattern #1) in the 1st and
5th positions, group bands (Group pattern #2) in the 2nd and
6th positions, group bands (Group pattern #3) in the 3rd and
7th positions, and group bands (Group pattern #4) in the 4th
and 8th positions. In FIG. 3(a), although eight group bands
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exist, since mapping patterns of transmission data are lim-
ited to four patterns, two bits are enough for the information
amount to notify of the group bands to map. In addition,
FIG. 3(a) shows the state in which transmission data to users
#1 to #4 are respectively mapped to group patterns #1 to #4
based on the reception quality information in the mobile
terminal apparatus UE, etc.

FIG. 3(b) shows the case where a bandwidth of the group
band to which is mapped transmission data to each user is
designated as a bandwidth (herein, 2 MHz) of a resource
block, and the system band is divided into forty group bands.
In FIG. 3(b), from the first frequency of the system band, as
a combination, determined beforehand are group bands
(Group pattern #1) in the 1st, Sth, 9th, 13th, 17th, 21st, 25th,
29th, 33rd, and 37th positions, group bands (Group pattern
#2) in the 2nd, 6th, 10th, 14th, 18th, 22nd, 26th, 30th, 34th,
and 38th positions, group bands (Group pattern #3) in the
3rd, 7th, 11th, 15th, 19th, 23rd, 27th, 31st, 35th, and 39th
positions, and group bands (Group pattern #4) in the 4th,
8th, 12th, 16th, 20th, 24th, 28th, 32nd, 36th, and 40th
positions. Therefore, in FIG. 3(b), although forty group
bands exist, since mapping patterns of transmission data are
limited to four patterns, two bits are enough for the infor-
mation amount to notify of the group bands to map. In
addition, also in FIG. 3(b), as in FIG. 3(a), shown is the state
in which transmission data to users #1 to #4 are respectively
mapped to group patterns #1 to #4 based on the reception
quality information in the mobile terminal apparatus UE,
etc.

In addition, in the second mapping method, as an Embodi-
ment, it is preferable to map transmission data to each user
to different group bands at transmission time intervals (TTT).
In other words, in the second mapping method, since the
transmission data to each user is mapped to the same group
band, it is not possible to improve reception quality char-
acteristics as compared with the first mapping method. As
described above, in the case of mapping the transmission
data to each user to different group bands at transmission
time intervals, it is possible to map the transmission data to
each user to group bands having different reception quality
characteristics, and it is made possible to improve reception
quality characteristics to some extent.

In this case, for example, as shown in FIG. 4, it is
conceivable to shift a group band to map the transmission
data to each user to the adjacent group band at transmission
time intervals. In the case of thus shifting the group band to
map the transmission data to each user, since it is possible
to map the transmission data to each user to different group
bands at transmission time intervals without remarkably
increasing the information amount to notify of the group
bands to map, it is made possible to improve reception
quality characteristics of the transmission data, while sup-
pressing increases in the information amount to notify of the
group bands to map. In addition, in FIG. 4, the configuration
of group bands as shown in FIG. 3(a) is used as an example.

Further, in the case of selecting the above-mentioned first
and second mapping methods, the base station apparatus
Node B performs scheduling A to assign (transmission data
to) each user to a group band, and scheduling B to assign the
transmission data on a resource-block basis in the assigned
group band. In this case, the base station apparatus Node B
i) performs scheduling A and scheduling B in the same
processing (first scheduling method), or ii) performs sched-
uling A and scheduling B independently (second scheduling
method). In addition, these scheduling methods are switched
selectively in the base station apparatus Node B correspond-
ing to instructions from the upper station apparatus.
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As the first scheduling method, there are a method of
listing all conceivable assignment patterns from among
combinations of all group bands configured by dividing the
system band and all users to map transmission data, and
searching for an assignment pattern to achieve the highest
throughput in the entire system to perform scheduling (here-
inafter, referred to as an “all search method”), and another
method of performing scheduling on a resource-block basis
corresponding to reception quality information in all
resource blocks constituting the system band, while limiting
the number of group bands to assign to each user (herein-
after, referred to as a “search method with number-of-group
limitations™).

In addition, in the all search method, the assignment
pattern to achieve the highest throughput in the entire system
is searched, and therefore, it is possible to most enhance
throughput in the entire system in the first and second
scheduling methods. On the other hand, the processing
amount is enormous to search for a desired assignment
pattern corresponding to the number of group bands and the
number of users to assign to each group band. For example,
when the number of group bands is “4” and the number of
users is “32”, the number of assignment patterns is “4>>”
(about 1.9x10'%), and it is necessary to consider all the
combinations.

In the search method with number-of-group limitations,
first, PF values are calculated by the Proportional Fairness
method based on CQls in all resource blocks constituting the
system band, and resource blocks ranked by the PF values
are obtained as shown in FIG. 5(a). In addition, the Propor-
tional Fairness method is a method of measuring a ratio
between instantaneous reception quality and average recep-
tion quality for each user, and allocating radio resources to
a user of the highest value. Then, as shown in FIG. 5(b),
scheduling is performed on a resource-block basis in
descending order of the PF value of the resource block so as
not to exceed the number of group bands assigned to each
user. In addition, FIG. 5(b) shows the case that the number
of group bands to assign to each user is “2”. In other words,
in FIG. 5(a), the 13th resource block (RB #13) assigned to
user #1 is included in the third group band (Group #3). Since
user #1 is already assigned the first and second group bands
(Group #1, Group #2), scheduling to the resource block (RB
#13) is restricted. In the search method with number-of-
group limitations, it is possible to enhance throughput in the
entire system, while significantly reducing the processing
amount as compared with the above-mentioned all search
method.

In addition, herein, in the search method with number-
of-group limitations, the case is shown where PF values are
calculated as reception quality information in all the
resource blocks constituting the system band, and schedul-
ing is performed on a resource-block basis based on the PF
values, but the reception quality information is not limited
thereto. For example, an SINR value measured in the mobile
terminal apparatus UE is used as the reception quality
information, and scheduling may be performed on a
resource-block basis based on the SINR value. Also in this
case, as in the case of using the PF value, it is possible to
enhance throughput in the entire system, while significantly
reducing the processing amount as compared with the
above-mentioned all search method.

Meanwhile, as the second scheduling method, there is a
search method (hereinafter, referred to as an “independent
search method”) for assigning users to group bands based on
the average reception quality information of the group
bands, and then, performing scheduling to assign the trans-
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mission data on a resource-block basis in the assigned group
band, and another search method (hereinafter, referred to as
a “recursive type search method”) for performing scheduling
on a resource-block basis corresponding to the reception
quality information in all the resource blocks constituting
the system band, and then, dividing the system band into a
plurality of bands to assign a group band with a high data
rate to each user, while performing scheduling on a resource-
block basis in the divided band.

In the independent search method, for example, assign-
ment of users to group bands is performed based on the
average SINR value or PF value of the group band, or the
average SINR value or PF value of the predetermined
number of resource blocks with good SINR values or PF
values among resource blocks included in the group band. In
addition, when the user is thus assigned to each group band,
aplurality of users is assigned to the group band. In this case,
when users are assigned without any limitation, the differ-
ence occurs in the number of users to assign between group
bands, and such a situation occurs that throughput of the
entire system decreases. To prevent the difference in the
number of users to assign between group bands from occur-
ring, the number of users to assign to each group band may
be limited to equalize the number of users. From the same
viewpoint, the interference power amount and data load
amount may be made constant in each group band. Then,
after thus assigning users to group bands, in the independent
search method, scheduling is performed on a resource-block
basis corresponding to the reception quality information
(SINR value and PF wvalue) in all the resource blocks
constituting the assigned group band.

FIG. 6 is an explanatory diagram of the state of the system
band in the case where assignment of user #1 to group bands
is performed based on the average SINR of the group band
in the independent search method. In addition, in FIG. 6, the
case is shown where the group band is 10 MHz, and the band
assigned to each user is 20 MHz. Further, in FIG. 6, the case
is shown where assignment of user #1 to group bands is
performed based on the average SINR of each group band
among SINRs measured in the mobile terminal apparatus
UE of user #1.

As shown in FIG. 6, since the average SINR of the group
band in user #1 is the highest in the first and fifth group
bands, the transmission data of user #1 is assigned to these
group bands. Thus, in the independent search method, for
example, since assignment of the user to a group band is
performed based on the average SINR of the group band, it
is possible to enhance reception quality characteristics in the
mobile terminal apparatus UE. Particularly, as shown in
FIG. 6, in the case of assigning the user to a plurality of
group bands, it is possible to obtain an extremely high
diversity effect, and to more enhance reception quality
characteristics in the mobile terminal apparatus UE.

As the recursive type search method, there are a first
recursive type search method of performing scheduling on a
resource-block basis using the reception quality information
such as the PF value, then dividing the system band into
group bandwidths, assigning a group band with a high data
rate to each user, selecting two group bands with high data
rates (or SINR values) for each user, and performing again
scheduling on a resource-block basis using the reception
quality information such as the PF value, and a second
recursive type search method of repeating processing for
dividing the system band into two bands to assign a group
band with a high data rate (or SINR value) to each user,
while performing scheduling on a resource-block basis using
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the reception quality information such as the PF value in the
divided band, until the divided band reaches the designated
group band.

In the first recursive type search method, first, as shown
in FIG. 7(a), for example, scheduling is performed on a
resource-block basis using PF values calculated based on
CQIs in all the resource blocks constituting the system band.
Next, as shown in FIG. 7(5), the system band is divided into
group bandwidths (herein, 10 MHz), and each user is
assigned a group band with a high data rate (herein, for
convenience in description, it is assumed that the data rate
is higher as the number of resource blocks is higher.) Then,
as shown in FIG. 7(¢), two group bands with high data rates
are selected for each user. For example, in user #1, the third
and sixth group bands are selected as two group bands with
high data rates (Group #3, Group #6). In addition, in this
case, the transmission data of a user (user #4 in Group #3)
that is not selected is deleted from the group band. Even-
tually, as shown in FIG. 7(d), in each group band, scheduling
is performed again on a resource-block basis using the PF
values. In this first recursive type search method, scheduling
is performed while reflecting the PF values calculated based
on the CQI in the resource block, and it is thereby possible
to enhance reception quality characteristics in the mobile
terminal apparatus UE.

In the second recursive type search method, first, as
shown in FIG. 8(a), for example, scheduling is performed on
a resource-block basis using PF values calculated based on
CQIs in all the resource blocks constituting the system band.
Next, as shown in FIG. 8(5), the system band is divided into
two bands, and each user is assigned a group band with a
high data rate. For example, for user #1, seven resource
blocks in the band on the left side are assigned, while six
resource blocks in the band on the right side are assigned.
Meanwhile, for user #2, seven resource blocks in the band
on the left side are assigned, while any resource block in the
band on the right side is not assigned. Therefore, user #1 and
user #2 are assigned the band on the left side. Then, as
shown in FIG. 8(c), scheduling on a resource-block basis is
performed using the PF value in the divided band. Further,
the processing for dividing the divided band into two bands,
and assigning a group band with a high data rate to each user,
while performing scheduling on a resource-block basis using
the PF value in the divided band is repeated until the divided
band reaches the designated group band (for example, 10
MHz). Also in the second recursive type search method, as
in the first recursive type search method, scheduling is
performed while reflecting the PF values calculated based on
the CQIs in the resource blocks, and it is thereby possible to
enhance reception quality characteristics in the mobile ter-
minal apparatus UE.

In addition, herein, in the first and second recursive type
search methods, the case is shown where PF values are
calculated as reception quality information in all the
resource blocks constituting the system band, and schedul-
ing is performed on a resource-block basis based on the PF
values, but the reception quality information is not limited
thereto. For example, an SINR value measured in the mobile
terminal apparatus UE is used as the reception quality
information, and scheduling may be performed on a
resource-block basis based on the SINR value. Also in this
case, as in the case of using the PF value, scheduling is
performed while reflecting the SINR value in the resource
block, and it is thereby possible to enhance reception quality
characteristics in the mobile terminal apparatus UE.

In the scheduling methods other than the all search
method as described above, the number of users to assign to
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each group band becomes unbalanced particularly when the
number of users to map the transmission data is low, there
arises a group band that is not assigned users, and such a
situation may occur that throughput of the entire system
decreases. To prevent throughput from thus deteriorating
due to existence of the group band that is not assigned users,
it is preferable to control the number of users to assign to
each group band.

Therefore, the base station apparatus Node B1) defines an
upper limit to the number of users assigned to each group
band, or defines a lower limit to the number of users
assigned to each group band. In the case of defining the
upper limit to the number of users assigned to each group
band, it is possible to suppress fluctuations in the number of
users assigned to each group band, it is thereby possible to
make it hard that a group band that is not assigned users
arises, and it is possible to prevent occurrence of the
situation that throughput of the entire system decreases.
Meanwhile, in the case of defining the lower limit to the
number of users assigned to each group band, it is possible
to reliably prevent the group that is not assigned users from
occurring, and it is possible to prevent occurrence of the
situation that throughput of the entire system decreases.

According to these first and second mapping methods, the
base station apparatus Node B maps the transmission data to
each user to a single or plurality of group bands, and notifies
the mobile terminal apparatus UE of each user of the group
band to which the data is mapped as mapping information.
In notifying of the mapping information, the base station
apparatus Node B1) notifies at starting mapping of the
transmission data (first notification method), 2) notifies at
transmission time intervals (TTI) of the transmission data
(second notification method), or 3) notifies by signaling in
the upper layer (third notification method). These notifica-
tion methods are switched selectively in the base station
apparatus Node B corresponding to instructions from the
upper layer station.

The first notification method is used, for example, in the
case of mapping transmission data to the group band by the
above-mentioned second mapping method. For notification
of the mapping information, for example, broadcast infor-
mation and RRC signaling is used. In this case, it is enough
to notify of the mapping information only once at starting
mapping of the transmission data, and it is thereby possible
to reduce the signaling amount required to notify of the
mapping information to a small amount.

The second notification method is used, for example, in
the case of switching the group band to assign to the user at
transmission time intervals according to the above-men-
tioned first mapping method. For notification of the mapping
information, for example, a control signal is used. In this
case, it is possible to suitably notify the user of the group
band that is switched and assigned at transmission time
intervals, but since it is necessary to notify of the mapping
information at transmission time intervals, the signaling
amount to notify of the mapping information increases
corresponding to the number of group bands and the number
of users. In addition, this second notification method is also
used in the case of changing the group band to map the
transmission data at transmission time intervals by the
above-mentioned second mapping method (see FIG. 4).

The third notification method is used, for example, in the
case of switching the group band to map at intervals longer
than the transmission time interval. For notification of the
mapping information, for example, the broadcast informa-
tion and RRC signaling is used. In this case, it is not possible
to reduce the signaling amount to notify of the mapping
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information to the small amount in the case of the first
notification method, but it is possible to keep the signaling
amount lower than in the case of the second notification
method.

The Embodiment of the invention will be described below
with reference to drawings. Referring to FIG. 9, described is
a mobile communication system 1 having mobile terminal
apparatuses (UEs) 10 and base station apparatus (Node B)
20 according to the Embodiment of the invention. FIG. 9 is
a diagram to explain a configuration of the mobile commu-
nication system 1 having mobile terminal apparatuses (UEs)
10 and the base station apparatus 20 according to this
Embodiment. In addition, the mobile communication system
1 as shown in FIG. 9 is a system including, for example,
Evolved UTRA and UTRAN (alias: LTE (Long Term Evo-
Iution)) or SUPER 3G. Further, the mobile communication
system 1 may be called IMT-Advanced or 4G.

As shown in FIG. 9, the mobile communication system 1
includes the base station apparatus 20 and a plurality of
mobile terminal apparatuses 10 (10,, 10,, 105, ..., 10,, n
is an integer where n>0) that communicate with the base
station apparatus 20 and is comprised thereof. The base
station apparatus 20 is connected to an upper station appa-
ratus 30, and the upper station apparatus 30 is connected to
a core network 40. The mobile terminal apparatus 10 com-
municates with the base station apparatus 20 in a cell 50 by
Evolved UTRA and UTRAN. In addition, for example, the
upper station apparatus 30 includes an access gateway
apparatus, radio network controller (RNC), mobility man-
agement entity (MME), etc., but is not limited thereto.

Each of the mobile terminal apparatuses 10 (10,, 10,, 105,
..., 10,) has the same configuration, function and state, and
is described as a mobile terminal apparatus 10 unless
otherwise specified in the following description. For conve-
nience in description, equipment that performs radio com-
munication with the base station apparatus 20 is the mobile
terminal apparatus 10, and more generally, is user equipment
(UE) including mobile terminals and fixed terminals.

In the mobile communication system 1, as a radio access
scheme, OFDMA (Orthogonal Frequency Division Multi-
plexing Access) is applied in downlink, while SC-FDMA
(Single-Carrier Frequency Division Multiple Access) is
applied in uplink. As described above, OFDMA is a multi-
carrier transmission system for dividing a frequency band
into a plurality of narrow frequency bands (subcarriers), and
mapping data to each subcarrier to perform communication.
SC-FDMA is a single-carrier transmission system for divid-
ing the system band into bands comprised of a single or
consecutive resource blocks for each terminal so that a
plurality of terminals uses different frequency bands, and
thereby reducing interference among the terminals.

Described herein are communication channels in Evolved
UTRA and UTRAN. In downlink, used are the Physical
Downlink Shared Channel (PDSCH) shared among the
mobile terminal apparatuses 10, and the physical downlink
control channel (downlink [.1/[.2 control channel). On the
Physical Downlink Shared Chanel, user data i.e. normal data
signals are transmitted. The transmission data is included in
the user data. Further, on the physical downlink control
channel is notified the mapping information including the
group band to which the data is mapped in the above-
mentioned second notification method, etc.

Further, in downlink, broadcast channels such as the
Physical-Broadcast Channel (P-BCH) are transmitted. On
the broadcast channel is notified the mapping information
including the group band to which the data is mapped in the
above-mentioned first notification method, etc. The P-BCH
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is mapped to the above-mentioned PDSCH, and transmitted
from the base station apparatus 20 to the mobile terminal
apparatus 10.

In uplink, used are the Physical Uplink Shared Channel
(PUSCH) shared among the mobile terminal apparatuses 10,
and the Physical Uplink Control Channel (PUCCH) that is
a control channel in uplink. User data i.e. normal data
signals are transmitted on the Physical Uplink Shared Chan-
nel. Meanwhile, on the Physical Uplink Control Channel is
transmitted radio quality information (CQI: Channel Quality
Indicator) in downlink, etc.

Further, in uplink, defined is the Physical Random Access
Channel (PRACH) for initial connection, etc. The mobile
terminal apparatus 10 transmits a random access preamble
on the PRACH.

Herein, a configuration of the base station apparatus 20
according to this Embodiment will be described with refer-
ence to FIG. 10. As shown in FIG. 10, the base station
apparatus 20 is provided with a transmission/reception
antenna 201, amplifying section 202, transmission/reception
section 203, baseband signal processing section 204, call
processing section 205 and transmission path interface 206.

The user data transmitted from the base station apparatus
20 to the mobile terminal apparatus 10 in downlink is input
to the baseband signal processing section 204 via the trans-
mission path interface 206 from the upper station apparatus
30 positioned higher than the base station apparatus 20.

The baseband signal processing section 204 performs
PDCP layer processing, segmentation and concatenation of
user data, RLC (Radio Link Control) layer transmission
processing such as transmission processing of RL.C retrans-
mission control, MAC (Medium Access Control) retrans-
mission control e.g. transmission processing of HARQ (Hy-
brid Automatic Repeat reQuest), scheduling, transmission
format selection, channel coding, Inverse Fast Fourier
Transform (IFFT) processing and precoding processing on
the data to transfer to the transmission/reception section 203.
Further, with respect to signals of the Physical Downlink
Control Channel that is a downlink control channel, the
transmission processing such as channel coding and Inverse
Fast Fourier Transform is performed, and the resultant is
transferred to the transmission/reception section 203.

Further, on the above-mentioned broadcast channel, the
baseband signal processing section 204 notifies the mobile
terminal apparatus 10 of control information (hereinafter,
referred to as “broadcast information”) for communications
in the cell 50. For example, the broadcast information for
communications in the cell 50 includes the system band-
width in uplink or downlink, identification information
(Root Sequence Index) of a root sequence to generate a
signal of a random access preamble on the PRACH, etc.
Further, the broadcast information includes the mapping
information including the group band to which data is
mapped, according to the mapping method selected in the
base station apparatus 20.

The transmission/reception section 203 performs fre-
quency conversion processing for converting the baseband
signal output from the baseband signal processing section
204 into a signal with a radio frequency band, and then, the
signal is amplified in the amplifying section 202 and trans-
mitted from the transmission/reception antenna 201. In
addition, the transmission function that the transmission/
reception section 203 has constitutes the transmission sec-
tion.

Meanwhile, with respect to data transmitted from the
mobile terminal apparatus 10 to the base station apparatus
20 in uplink, a radio frequency signal received in the
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transmission/reception antenna 201 is amplified in the
amplifying section 202, subjected to frequency conversion
in the transmission/reception section 203, thereby converted
into a baseband signal, and is input to the baseband signal
processing section 204.

The baseband signal processing section 204 performs FFT
processing, IDFT processing, error correcting decoding,
reception processing of MAC retransmission control, and
reception processing of RLC layer and PDCP layer on the
user data included in the input baseband signal, and transfers
the resultant to the upper station apparatus 30 via the
transmission path interface 206.

The call processing section 205 performs call processing
such as setting and release of the communication channel,
status management of the base station apparatus 200, and
management of radio resources.

FIG. 11 is a functional block diagram of the baseband
signal processing section 204 of the base station apparatus
20 according to this Embodiment. A reference signal
included in the reception signal is input to a synchronization
detection/channel estimation section 211 and a CQI mea-
suring section 212. The synchronization detection/channel
estimation section 211 estimates a channel state in uplink
based on the reception state of the reference signal received
from the mobile terminal apparatus 10. The CQI measuring
section 212 measures a CQI from a broadband quality
measurement reference signal received from the mobile
terminal apparatus 10. Meanwhile, with respect to the recep-
tion signal input to the baseband signal processing section
204, a CP removal section 213 removes a cyclic prefix that
is added to the reception signal, and then, a Fast Fourier
Transform section 214 performs Fourier transform on the
resultant to transform into information in the frequency
domain. The reception signal transformed to the information
in the frequency domain is demapped in a subcarrier demap-
ping section 215. The subcarrier demapping section 215
performs demapping corresponding to mapping in the
mobile terminal apparatus 10. A frequency domain equal-
ization section 216 equalizes the reception signal based on
a channel estimation value provided from the synchroniza-
tion detection/channel estimation section 211. An inverse
discrete Fourier transform section 217 performs inverse
discrete Fourier transform on the reception signal, and
restores the signal in the frequency domain to the signal in
the time domain. Then, a data demodulation section 218 and
data decoding section 219 demodulate and decode the signal
based on a transmission format (coding rate, modulation
scheme), and the transmission data is reproduced.

A scheduler 220 receives transmission data and retrans-
mission instructions input from the upper station apparatus
30 that processes transmission signals. The retransmission
instructions include the content for designating a bandwidth
of the above-mentioned group band, while further including
the content for designating a mapping method of transmis-
sion data corresponding to the group band. For example, as
shown in FIG. 2(a), the retransmission instructions include
the content for designating the bandwidth of the group band
as 20 MHz, while designating the above-mentioned first
mapping method, or as shown in FIG. 3(a), include the
content for designating the bandwidth of the group band as
10 MHz, while designating the above-mentioned second
mapping method. In addition, when the first mapping
method is designated, the above-mentioned first and second
scheduling methods are also designated, while any one (for
example, the above-mentioned search method with group-
of-number limitations) of scheduling methods is designated
in the first and second scheduling methods. Meanwhile,
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when the second mapping method is designated, a mapping
pattern corresponding to a beforehand determined combi-
nation of group bands is also designated. Further, the
retransmission instructions include the content for designat-
ing the notification method of the mapping information for
the mobile terminal apparatus 10 corresponding to the
mapping method of transmission data. For example, the
retransmission instructions include the content for designat-
ing the above-mentioned first to third notification methods.
Meanwhile, the scheduler 220 receives the channel estima-
tion value estimated in the synchronization detection/chan-
nel estimation section 211 and the CQI measured in the CQI
measuring section 212. Based on the content of the retrans-
mission instructions input from the upper station apparatus
30, the scheduler 220 performs scheduling of uplink and
downlink control signals and uplink and downlink shared
channel signals while referring to the channel estimation
value and CQI.

Based on schedule information determined in the sched-
uler 220, a downlink shared channel signal generating
section 221 generates a downlink shared channel signal
using transmission data from the upper station apparatus 30.
In the downlink shared channel signal generating section
221, the transmission data is coded in a coding section 221a,
modulated in a data modulation section 2215, then subjected
to Fourier Transform in a discrete Fourier transform section
221c¢, where the time-series information is transformed into
the information in the frequency domain, and is output to the
subcarrier mapping section 224.

Based on the schedule information determined in the
scheduler 220, a downlink control signal generating section
222 generates a downlink control signal. In the downlink
control signal generating section 222, the information for
downlink control signals is coded in a coding section 222a,
modulated in a data modulation section 2225, than subjected
to Fourier Transform in a discrete Fourier transform section
221c¢, where the time-series information is transformed into
the information in the frequency domain, and is output to the
subcarrier mapping section 224. For example, in the case of
notifying the mobile terminal apparatus 10 of the mapping
information by the above-mentioned second notification
method, the downlink control signal including the mapping
information is generated.

A broadcast channel signal generating section 223
receives retransmission instructions input from the upper
station apparatus 30. In the case of notifying the mobile
terminal apparatus 10 of the mapping information by the
above-mentioned first or third notification method, the
broadcast channel signal generating section 223 generates a
broadcast channel signal including the mapping information.
The generated broadcast channel signal is output to the
subcarrier mapping section 224.

The subcarrier mapping section 224 functions as the
mapping section, and performs mapping on subcarriers of a
downlink shared channel signal input from the downlink
shared channel signal generating section 221, a downlink
control signal input from the downlink control signal gen-
erating section 222, and a broadcast channel signal input
from the broadcast channel signal generating section 223. In
this case, the downlink shared channel signal and downlink
control signal are mapped to group bands corresponding to
the content of the retransmission instructions from the upper
station apparatus 30.

The transmission data mapped in the subcarrier mapping
section 224 is subjected to Inverse Fast Fourier Transform in
an Inverse Fast Fourier Transform section 225, where the
signal in the frequency domain is transformed into a time-
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series signal, and then, is given a cyclic prefix in the cyclic
prefix adding section (CP addition section) 226. In addition,
the cyclic prefix functions as a guard interval to absorb the
difference in multipath propagation delay. The transmission
data given the cyclic prefix is output to the transmission/
reception section 203.

Referring to FIG. 12, described next is a configuration of
the mobile terminal apparatus 10 according to this Embodi-
ment. As shown in FIG. 12, the mobile terminal apparatus 10
is provided with a transmission/reception antenna 101,
amplifying section 102, transmission/reception section 103,
baseband signal processing section 104 and application
section 105.

With respect to data in downlink, a radio frequency signal
received in the transmission/reception antenna 101 is ampli-
fied in the amplifying section 102, subjected to frequency
conversion in the transmission/reception section 103, and is
converted into a baseband signal. The baseband signal is
subjected to FFT processing, error correcting decoding,
reception processing of retransmission control, etc. in the
baseband signal processing section 104. Among the data in
downlink, user data in downlink is transferred to the appli-
cation section 105. The application section 105 performs
processing concerning layers higher than the physical layer
and MAC layer. Further, among the data in downlink,
broadcast information is also transferred to the application
section 105.

Meanwhile, the application section 105 inputs user data in
uplink to the baseband signal processing section 104. The
baseband signal processing section 104 performs transmis-
sion processing of retransmission control (H-ARQ (Hybrid
ARQ)), channel coding, DFT processing, IFFT processing,
etc. on the data to transfer to the transmission/reception
section 103. The transmission/reception section 103 per-
forms frequency conversion processing for converting the
baseband signal output from the baseband signal processing
section 104 into a signal with a radio frequency band, and
then, the signal is amplified in the amplifying section 102,
and is transmitted from the transmission/reception antenna
101.

FIG. 13 is a functional block diagram of the baseband
signal processing section 104 of the mobile terminal appa-
ratus 10 according to this Embodiment. A reception signal
output from the transmission/reception section 103 is
demodulated in an OFDM signal demodulation section 111.
A reception quality measuring section 112 measures recep-
tion quality from a reception state of a received reference
signal. The reception quality measuring section 112 mea-
sures reception quality of a channel over the broadband used
for the base station apparatus 20 in downlink OFDM com-
munication, and notifies an uplink control signal generating
section 116 described later of the measured reception quality
information. A broadcast channel/downlink control signal
decoding section 113 decodes a broadcast channel signal and
downlink control signal from the OFDM-demodulated
downlink reception signal, and notifies a subcarrier mapping
section 117, described later, of mapping information
included in the signals. The mapping information included
in the downlink control signal is reflected in OFDM
demodulation in the OFDM signal demodulation section
111. By this means, the mobile terminal apparatus 10 is
capable of identitying the group band that is assigned to the
mobile terminal apparatus 10 in the base station apparatus
20. A downlink shared channel signal decoding section 114
decodes a downlink shared channel from the OFDM-de-
modulated downlink reception signal. In the downlink
shared channel signal decoding section 114, an inverse
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discrete Fourier transform section 114a performs inverse
discrete Fourier transform on the reception signal, the signal
in the frequency domain is thereby transformed into a signal
in the time domain, and then, demodulated and decoded in
a data demodulation section 11456 and data decoding section
114¢ based on a transmission format (coding rate, modula-
tion scheme), and the transmission data is reproduced.

An uplink shared channel signal generating section 115
generates an uplink shared channel signal using the trans-
mission data provided from the application section 105. In
the uplink shared channel signal generating section 115, the
transmission data is coded in a coding section 1154, modu-
lated in a data modulation section 1154, then subjected to
Fourier Transform in a discrete Fourier transform section
115¢, where the time-series information is transformed into
the information in the frequency domain, and is output to the
subcarrier mapping section 117.

Based on the transmission data provided from the appli-
cation section 105 and the reception quality information
notified from the reception quality measuring section 112, an
uplink control signal generating section 116 generates an
uplink control signal. In the uplink control signal generating
section 116, the information for uplink control signals is
coded in a coding section 1164, modulated in a data modu-
lation section 1165, then subjected to Fourier Transform in
a discrete Fourier transform section 116¢, where the time-
series information is transformed into the information in the
frequency domain, and is output to the subcarrier mapping
section 117.

The subcarrier mapping section 117 performs mapping on
subcarriers of an uplink shared channel signal input from the
uplink shared channel signal generating section 115, and an
uplink control signal input from the uplink control signal
generating section 116. In this case, the uplink shared
channel signal and uplink control signal are mapped to
group bands designated from the base station apparatus 20
corresponding to the mapping information notified from the
broadcast channel/downlink control signal decoding section
113.

The transmission data mapped in the subcarrier mapping
section 117 is subjected to Inverse Fast Fourier Transform in
an Inverse Fast Fourier Transform section 118, where the
signal in the frequency domain is transformed into a time-
series signal, and then, is given a cyclic prefix in a cyclic
prefix adding section (CP addition section) 119. In addition,
the cyclic prefix functions as a guard interval to absorb
differences in multipath propagation delay and in reception
timing among a plurality of users in the base station appa-
ratus 20. The transmission data given the cyclic prefix is
output to the transmission/reception section 103.

Thus, in the mobile communication system 1 according to
this Embodiment, the base station apparatus 20 maps trans-
mission data to each user to a single or plurality of group
bands among group bands configured by dividing the system
band into a plurality of bands, and transmits the mapped
transmission data to the mobile terminal apparatus 10 in
downlink, and therefore, even when the system bandwidth is
extended, it is possible to improve the frequency diversity
effect and to enhance reception quality characteristics in the
mobile terminal apparatus. Particularly, in the case of map-
ping transmission data to each user to a plurality of group
bands, since it is possible to map the transmission data to
different bands, it is possible to obtain a higher frequency
diversity effect, and to further enhance reception quality
characteristics in the mobile terminal apparatus. Further,
when the transmission data is retransmitted, it is possible to
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suppress deterioration in retransmission efficiency caused by
increases in the transport block size, and to transmit the
transmission data efficiently.

Particularly, the base station apparatus 20 according to
this Embodiment is capable of mapping the transmission
data to an arbitrary group band based on the reception
quality information from the mobile terminal apparatus 10
and throughput of the entire system (first mapping method),
and is thereby able to map the transmission data to a group
band good in the reception quality information in the mobile
terminal apparatus and throughput of the entire system, and
it is possible to improve reception quality characteristics in
the mobile terminal apparatus 10.

Further, since the base station apparatus 20 according to
this Embodiment is capable of mapping the transmission
data based on a mapping pattern corresponding to a com-
bination of group bands that is beforehand determined based
on the reception quality information from the mobile termi-
nal apparatus 10 and throughput of the entire system, it is not
possible to obtain the same effect of improvement in recep-
tion quality characteristics as in the first mapping method,
but it is possible to reduce the information amount to notify
the mobile terminal apparatus 10 of the group band to which
the data is mapped as compared with the first mapping
method.

The invention is specifically described using the above-
mentioned Embodiment, but it is obvious to a person skilled
in the art that the invention is not limited to the Embodiment
described in the Specification. The invention is capable of
being carried into practice as modified and changed aspects
without departing from the subject matter and scope of the
invention defined by the description of the scope of claims.
Accordingly, the description in the Specification is intended
to be an illustrative explanation and does not have any
restrictive meaning on the invention.

The present application is based on Japanese Patent
Application No. 2009-002061 filed on Jan. 7, 2009, entire
content of which is expressly incorporated by reference
herein.

The invention claimed is:

1. A base station apparatus comprising:

a processor coupled to a memory, the processor having a
mapping section configured to map transmission data
for each user to resource blocks of at least one of a
plurality of group bands configured by dividing a
system band; and

a transmitter configured to transmit the transmission data
mapped by the mapping section to a mobile terminal
apparatus on a downlink, wherein

the mapping section maps the transmission data by selec-
tively using a first mapping method or a second map-
ping method,

the first mapping method maps the transmission data for
each user to the at least one of the plurality of group
bands based on reception quality information from the
mobile terminal apparatus or a throughput amount in an
entire system, and

the second mapping method maps the transmission data
for each user based on a mapping pattern corresponding
to a combination of the plurality of group bands that is
determined based on the reception quality information
from the mobile terminal apparatus or the throughput
amount in the entire system before the transmission
data is mapped.
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2. The base station apparatus according to claim 1,
wherein the mapping section maps the transmission data for
each user to a different group band at transmission time
intervals.

3. The base station apparatus according to claim 2, the
processor further having:

a mapping information notifying section configured to
notify the mobile terminal apparatus of mapping infor-
mation including the group band to which the trans-
mission data for each user is mapped by the mapping
section.

4. The base station apparatus according to claim 2,
wherein the mapping section shifts the transmission data for
each user to an adjacent group band to map at transmission
time intervals.

5. The base station apparatus according to claim 4, the
processor further having:

a mapping information notifying section configured to
notify the mobile terminal apparatus of mapping infor-
mation including the group band to which the trans-
mission data for each user is mapped by the mapping
section.

6. The base station apparatus according to claim 1, the

processor further having:

a mapping information notifying section configured to
notify the mobile terminal apparatus of mapping infor-
mation including the group band to which the trans-
mission data for each user is mapped by the mapping
section.

7. The base station apparatus according to claim 6,
wherein the mapping information notifying section notifies
of the mapping information at starting transmission of the
transmission data for each user.

8. The base station apparatus according to claim 7,
wherein the mapping information notifying section notifies
of the mapping information using a broadcast channel
signal.
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9. The base station apparatus according to claim 6,
wherein the mapping information notifying section notifies
of the mapping information at transmission time intervals.

10. The base station apparatus according to claim 9,
wherein the mapping information notifying section notifies
of the mapping information using a control signal.

11. The base station apparatus according to claim 6,
wherein the mapping information notifying section notifies
of the mapping information corresponding to instructions
from an upper station apparatus.

12. The base station apparatus according to claim 11,
wherein the mapping information notifying section notifies
of the mapping information using a broadcast channel
signal.

13. An information transmission method comprising:

a mapping step of mapping transmission data for each
user to resource blocks of at least one of a plurality of
group bands configured by dividing a system band; and

a transmitting step of transmitting the mapped transmis-
sion data to a mobile terminal apparatus on a downlink,
wherein

in the mapping step, the transmission data is mapped by
selectively using a first mapping method or a second
mapping method,

the first mapping method maps the transmission data for
each user to the at least one of the plurality of group
bands based on reception quality information from the
mobile terminal apparatus or a throughput amount in an
entire system, and

the second mapping method maps the transmission data
for each user based on a mapping pattern corresponding
to a combination of the plurality of group bands that is
determined based on the reception quality information
from the mobile terminal apparatus or the throughput
amount in the entire system before the transmission
data is mapped.



